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Genetic aspects of athletic performance:
the African runners phenomenon
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Abstract: The current dominance of African runners in long-distance running is an intriguing
phenomenon that highlights the close relationship between genetics and physical performance.
Many factors in the interesting interaction between genotype and phenotype (eg, high cardio-
respiratory fitness, higher hemoglobin concentration, good metabolic efficiency, muscle fiber
composition, enzyme profile, diet, altitude training, and psychological aspects) have been pro-
posed in the attempt to explain the extraordinary success of these runners. Increasing evidence
shows that genetics may be a determining factor in physical and athletic performance. But, could
this also be true for African long-distance runners? Based on this question, this brief review
proposed the role of genetic factors (mitochondrial deoxyribonucleic acid, the Y chromosome,
and the angiotensin-converting enzyme and the alpha-actinin-3 genes) in the amazing athletic
performance observed in African runners, especially the Kenyans and Ethiopians, despite their
environmental constraints.
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Introduction

In the 1980s, the international scene of medium- and long-distance running changed
dramatically. Not so long ago, nearly all running events were dominated by European
athletes.! Of the top 20 worldwide, 50% were from Europe, and only 30% were from
Africa. More recently, the percentage of European runners among the best in the world
has fallen to 11%, while that of African runners has jumped to 85%, 55% of whom are
Kenyans. In fact, African runners now dominate in middle- and long-distance running,
cross-country running, and street running.*?

The loss of supremacy by the European runners is not caused by their decreasing
running speed. The reality is that the African runners are running faster.! To give an
overview, the Ethiopian, and Kenyan middle- and long-distance runners hold over
90% of all world records, and the first ten positions in the international ranking.’
Therefore, the question is: What makes the African runners, particularly Kenyans and
Ethiopians, the best in the world?

In general, sports performance requires the integrated combination of many intrinsic
(genetic, biological, etc), and extrinsic factors (exposure to the stimulus, environment,
nutrition, technical-tactical training techniques, sport specialization, competition,
sociocultural and financial aspects, motivation, career management, scientific support,
etc). Some of these are trainable (physiological, psychological, and biomechanical) and
some are taught (technical and tactical), while others are beyond the control of athletes
and coaches, such as chronological age and genetic factors.?= In fact, it has long been
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suggested that genetic background plays an important role
in sporting potential, being responsible for determining the
anthropometric, cardiovascular, and muscular characteristics
of adaptation to physical training.’ This background causes
some individuals to be better adapted to physical training
(responsive individuals), others to show little physical
aptitude, even despite training (poor responsiveness), and
still others to be without athletic tendencies (unresponsive
individuals).>”’

Several factors in the complex interaction between
genotype and phenotype have been proposed to explain the
particular success of African runners, or the “African
runners phenomenon”, including: genetic predisposition;
high maximum oxygen uptake (O,max) values; highest
concentration of hemoglobin; relatively high hematocrit;
the development of good metabolic efficiency (based on
somatotype characteristics); favorable muscle fiber composi-
tion; profile of oxidative enzymes; the traditional Kenyan/
Ethiopian diet; constant altitude training; and motivation to
achieve economic success and social mobility.>” However,
evidence for a genetic component in physical performance is
mounting, and more than 200 identified genetic variants may
contribute to the observed variations in physical fitness.>?
Based on this, the purpose of this brief review was to show
the potential importance of genetic factors in relation to the
intriguing phenomenon of the athletic performance observed
in African runners.

Genetic studies on African athletes
The genetic inheritance of about 20,000 genes defines each
ofus as human beings. However, there is substantial variation
among the individual human genomes that relates to the repli-
cation of genetic sequences and alterations in individual pairs.
This variation is common — it has been suggested there may be
approximately ten million single nucleotide polymorphisms
(SNPs).” Additionally, all of the variations in human charac-
teristics (or phenotypes) result from the interaction between
the genotype and environmental stimuli. For example, muscle
and consequently physical performance is strongly influenced
by the type of the muscle fibers (lean body mass composition),
size of the muscle fibers, type of innervation, and blood flow.
In this context, the muscle performance response to exercise
training is dynamic, and genetic factors account for 50 to 80%
of the interindividual variation.'°

Until recently, no study directly investigated the role of
genetics in the superior performance by African long-distance
runners. Initial studies on Ethiopian and Kenyan athletes
investigated mitochondrial deoxyribonucleic acid (mtDNA)

and the Y chromosome: the first is deoxyribonucleic acid
(DNA) located in the mitochondrion, while the Y chromosome
is responsible for determining sex.!''> Accordingly, it was
suggested that mtDNA polymorphisms influence the varia-
tion in humans’ aerobic performance since these encode
different subunits of the oxidative phosphorylation enzymatic
complex.'!

The mtDNA is maternally inherited, thus offering a
unique opportunity to explore the maternal lineage. mtDNA
only changes with the rise of new mutations, resulting in the
accumulation of complex mutations linked to strains from
different branches of a single ancestor’s descendants.!* This
is associated with the “Mitochondrial Eve”, the name by
which the latest common ancestor of all living humans is
known. Thus, it is possible to create a detailed phylogeny,
ie, determine the ancestral relationships among species
and individuals, to explore the degree of relatedness from
the maternal lineage of people, beyond the phenotypes of
interest.” Each branch of the phylogenetic tree is known as
a haplogroup: a series of alleles at specific locations on a
chromosome. Therefore, the haplotypes grouping generates
specific easily comparable units of genealogical information
that provide useful levels of predictability. When found in
other parts of the world, the haplogroups can be used as
indicators of recent migrations.'*

Recently a cohort mtDNA analysis of the elite Kenyan and
Ethiopian runners was performed.!*'? Cohorts are groups of
people with a period event in common. Contrary to previous
assumptions, these runners were not restricted to just one area
of the phylogenetic tree; rather, the athletes showed a wide
distribution of haplogroups, similar to the general population
in Kenya and Ethiopia. These findings do not support the idea
of a role for mtDNA variants in the sporting success of East
African athletes in aerobic endurance events. The findings
also contradict the idea that these elite runners are a geneti-
cally privileged group, at least with respect to the mtDNA.
In fact, some of the Ethiopian athletes share a more recent
mtDNA common ancestor with many Europeans. Similar
results have also been observed among Kenyan runners.!!!2
These findings did not confirm the hypothesis that Ethiopian
and Kenyan populations have remained genetically isolated
in East Africa, showing instead, that they have undergone
“human migration events” estimated to have occurred,
based on mtDNA studies, between 150,000 and 250,000
years ago.>!?

These findings are supported by analysis of the Y
chromosome haplogroup distribution in elite Ethiopian
athletes. The Y chromosome may be considered as the male
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equivalent of mtDNA. Although elite Ethiopian athletes have
the same variation in Y chromosome haplogroups as the
general population, some have been shown to be significantly
more common in the athletes. The frequency of haplogroups
has recently been evaluated in a Kenyan cohort study.' If
the same haplogroups were under- or overrepresented, this
would provide strong evidence for a biological effect of the
Y chromosome on running performance. However, despite
the discovery of a potential Y chromosome effect on perfor-
mance during aerobic endurance tests, study results showed
diversity levels similar to those found in the mtDNA studies,
meaning that a significant number of the genetically screened
athletes had acquired part of their male ancestry outside
Africa, sometime during the “human migration events”.

A

Collectively, the results of the Y chromosome and mtDNA
studies did not provide genetic evidence that supports the
biological basis of racial differences in the sporting perfor-
mance of African runners.*'s

Further studies have attempted to discover other candi-
date genes to explain the success of African runners. It was
hypothesized that the genetic polymorphisms of interest are
causal variants. To date, only two of the candidate genes that
explain this phenomenon of human performance have been
investigated: angiotensin converting enzyme (ACE), and
alpha-actinin-3 (ACTN3)>'-118 (Figure 1).

With regard to the ACE gene, a polymorphism of
insertion (I) is associated with lower levels of ACE than
with deletion (D).'® In general, the I-allele from this gene

ACE gene polymorphism

Evaluate the presence or absence of ACE gene variants in
intron16 of chromosome 17

Il allele ID allele DD allele
l 2
Lower levels of Higher levels of
ACE ACE
l 2
Greater Increased
cardiorespiratory musculoskeletal fitness
fitness and tolerance to d
altitude Higher performance in
power competitions
Higher performance in
endurance running
B ACTN3 gene polymorphism

Evaluate the presence or absence of a variant in the ACTN3 gene, known as
R577X, present on chromosome 11, to assess the status of the elite athlete

RR allele
|

RX allele

I
Expresses alpha-actinin-3, found in type Il

twitch fibers

Figure | Genes associated with elite athletic performance.

XX allele
Higher Lower
frequency frequency
in aerobic in sprint
endurance and power
athletes. athletes.

Do not express alpha-actinin-3

Notes: (A) ACE gene polymorphism. Researchers have investigated the presence or absence of a variant in intron 16 of chromosome |7 on the ACE gene. (B) ACTN3 gene
polymorphism. The presence or absence of the variant R577X, on chromosome | | in the ACTN3 gene, was studied in relation to the status of elite athletes. Data taken from
Wilber RL et al, Scott RA, et al, Rankinen T, et al, Arden Nk, et al and Lippi G et al. 348102

Abbreviations: ACE, angiotensin converting enzyme; ACTN3, alpha-actinin-3; D, deletion; I, insertion.
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has been associated with performance during aerobic
endurance tests,'® and the trainability of cardiorespiratory
fitness, reflected by maximal oxygen uptake, determined
by the ASSLI gene and 21 SNPs.’ Meanwhile, the D-allele
has been associated with performance during power tests,?
for which the heredity contribution may vary from 46% to
84%. Interestingly, the I-allele has also been associated with
high-altitude tolerance, making it an ideal candidate gene to
investigate in East African athletes, given the possibility that
regular training and constant living at higher altitudes could
partially explain their sporting success.®!>!” However, once
again, there were no significant differences in I or D allele
frequency between the Kenyan and Ethiopian athletes and
the general population in their respective localities.

Given the different levels of linkage disequilibrium
(nonrandom association of alleles) between Caucasians and
Africans, it made sense that the addition of a potentially
causal ACE variant (A22982G genotype) should be tested.
However, no significant differences in the frequency of the
A22982G genotype have been found between the Kenyan and
Ethiopian athletes and the general population.'®!” In fact, in
one study, 29% of subjects in the control group and only 17%
of'the international level Kenyan athletes had the “AA” geno-
type (always found in combination with “II”” in Caucasians),
which is supposedly beneficial to performance in tests of
aerobic endurance. While the influence of the ACE genotype
on performance in aerobic endurance tests continues to be
controversial, there is no scientific evidence for the variation
in the ACE gene that would explain the sporting success
enjoyed by African athletes in long-distance running.’

The ACTN3 gene is another candidate gene that has
been studied in African elite runners.”® This gene has also
been associated with highest level of physical performance
and has been found with different frequencies in different
populations.?! In particular, a strong association was found
between the R577X variant from the ACTN3 gene and elite
athletes in white Australian populations, with ACTN3 XX
genotype deficiency being present with a lower frequency in
sprint and power athletes, and with a slightly higher frequency
in elite athletes specialized in aerobic endurance tests, com-
pared with the control group.? Again, there was no evidence
of a possible association between the R577X polymorphism
and performance in aerobic endurance tests by East African
runners,'® thus suggesting that the ACTN3 deficiency is not a
determinant for the sporting success observed among African
runners.’ Figure 1 schematically shows the role of the two
candidate genes, ACE and ACTN3, associated with athletic
performance.

In summary, the genotyping of two candidate genes to
assess the phenomenal physical performance observed among
African runners did not show them to be the determinants for
the sporting success in medium- and long-distance running.
However, in order to exclude the possibility of genetic
factors being directly responsible for the Africans’ perfor-
mance, other studies need to be undertaken to investigate the
frequency of variants from other nuclear candidate genes, in
these specific cohorts. Furthermore, research in this area is
moving toward the “age of genomics”, ie, the simultaneous
study of multiple genes as well as the whole genome, rather
than focusing on single candidate genes. This may help in
future to shed light on the intriguing issue of the exceptional
sporting success of African runners.*715

Area’s prospects

and closing remarks

There is strong evidence that the interaction between genetic
and environmental factors may be responsible for most of
the individual differences in response to physical training.?>?3
Thus, it is important to continue investigating the variations
in DNA sequences in the general population.

A critical analysis of this unique phenomenon has shown
that these athletes do not descend from a single isolated
genetic profile.* The data suggest that the genes most studied
and associated with performance in aerobic endurance run-
ning (ACE and ACTN3) do not seem to fully explain the
success of these athletes. It seems unlikely that Africa is pro-
ducing unique genotypes that cannot be found in other parts
of the world. So far, the evidence shows that the subjects’
phenotype (molded over time by several factors) seems to
have greater influence than their genotype in their long-
distance running success.* While recognizing that this field
of study is at an early stage of understanding, the available
results show that the identified candidate genes for human
performance neither determine nor exclude the possibility
of athletic success. Although, the right choice of parents can
help in the search for athletic success, this is not the deciding
factor between success and failure in sport.*

It is to be borne in mind that extraordinary athletic achieve-
ments by certain populations are without doubt a successful
combination of many different factors. It is unlikely, though,
that the success of these elite athletes is the result of an SNP,>**
instead it must be the result of a wide combination of advanta-
geous genotypes.* Additionally, genetic testing in sport, an
area of growing interest, can assist researchers in identifying
individuals with the ideal physiology and morphology for the
practice of certain activities; in the detection of athletes with
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greater responsiveness/adaptation to physical training; and
in the prevention of injuries and sudden death, an extremely
tragic event when it comes to high-performance athletes.”
However, the traditional methods used in identifying sporting
talent remain consistent and valid since athletic performance
is highly complex and multifactorial. It is also possible that
genetic profiling may fail to consider a crucial DNA variant
or genetic factor that may be responsible for improvement in
physical performance.’

Finally, it is necessary to bear in mind that only a small
percentage of individuals have the “genetic background” and
physical characteristics for athletic success. Not all these
individuals will train, and only a small percentage of those
who do will become elite athletes.
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